This study aimed to develop a "family caregiver needs-assessment scale for end-of-life care for senility at home" (FADE) and examine its reliability and validity.
Results
In total, 461 visiting nurses provided valid responses. The exploratory and confirmatory factor analyses identified 12 items from two factors: "Needs for adaptation to senility bereavement" and "Needs for essential skills in supporting a dignified death by senility." The final model showed appropriate index values: standardized root mean residual = 0.057, Tucker-Lewis index = 0.920, Akaike information criterion = 191.6, and Bayesian information criterion = 298.2. Cronbach's alpha for the entire scale was 0.908, and was above 0.840 for each factor. The correlation coefficient between STAS-J and the entire scale was 0.259-0.427 (p<0.001). PLOS 
Introduction
Societal aging is a phenomenon common to nearly all developed countries. In the 100 years between 1950 and 2050, the proportion of the populace made up by older adults is predicted to increase by 13 to 15 percentage points in countries including France, Sweden, and the United States [1] . Population aging is projected to have a profound effect on societies, underscoring the fiscal and political pressures that the health care, old-age pension, and social protection systems of many countries are likely to face in coming decades; therefore, it is necessary to decrease public health expenses [2] . In all European Union countries, the demand for informal care is high and will further increase because of the aging population, as an aging society results in heavy pressures on families and on welfare state regimes [3] . In Europe, informal caregiving provided to people aged 50 years or older by a younger relative accounts for threequarters of all long-term care [4] . Most patients prefer to die at home [5] , so it is essential to prepare caregivers to provide dignified end-of-life care at home [6] . Therefore, it is beneficial for all industrialized countries to understand how to satisfy caregiver needs. In Japan, the proportion of the populace made up by older adults rose from 12.0% in 1990 to 23.0% in 2010, and is estimated to rise to 33.4% by 2035 and 39.9% by 2060 [1] . The primary cause of death associated with this drastic increase over such a short time is predicted to be death from senility.
Death by senility is defined in Chapter 21 of the International Classification of Diseases, 11th revision [7] as death due to "symptoms, signs or clinical findings, not elsewhere classified." The Japanese Ministry of Health, Labour and Welfare defines it as "Death of an older adult individual unattributable to other causes; also called natural death." Death by senility was the fifth most common cause of death in Japan in 2015, but became the fourth most common in 2017 and the third most common in 2018 [8] . Therefore, the order of death from senility is rising year by year. In the near future, in countries like Japan with a long life-expectancy, the primary cause of death will be senility; in Japan 101,396 people died from senility in 2017 [8] .
With the predicted increase in death from senility in Japan, it is estimated that there will be 400,000 deaths occurring annually in hospitals from around 2025 [9] , which is an unacceptably high number. To adapt to this problem, the Ministry of Health, Labour and Welfare has engaged in securing and maintaining high-quality standards of care for at-home and visiting nursing, thereby effectuating the "promotion of care that is in line with the wishes of the citizenry" [10] . However, the rate of home-deaths in Japan in 2017 remained at 13.2% [11] , despite the majority of Japanese people desiring end-of-life care for senility at home [12] . The reason for this critical gap may be the burden on the caregiving family required to provide end-of-life care at home for patients with senility. Previous studies have noted that the burden of family care is the most important factor related to death at home, and therefore it is necessary to develop home care nursing specifically to meet the needs of family caregivers and their burden in providing end-of-life care for senile patients at home [13] , as well as meeting the needs and desires of individual older adults in their last days. Providing these needs and desires with dignity at home is not a rare personal problem, but a large social problem in a death-ridden society.
Lynn [14] categorized the diseases that emerge at the end of a person's life into three broad types: cancer, organ failure, and senility/dementia. While the average care periods for cancer and organ failure are 2 months and up to 6 months, respectively, the average care period for senility and dementia is far longer [14] . As the number of older adults with progressing senility increases, the care periods required from caregivers will lengthen. Increases in caregiver burdens, whether physical, psychological, financial, or societal, are expected to accompany this lengthening [15] .
To fulfill the wishes of many older people and their families (i.e., the desire to die of old age at home), it is vital that a means to lessen these burdens on a caregiving family is considered. Previous research revealed that the physical, societal, psychological, and spiritual needs of terminal patients and their caregivers change according to the progress of their conditions [16] . Consequently, it is necessary for medical professionals to grasp the progress of their patients' conditions and respond to their multidimensional needs accordingly [16] . Similarly, medical professionals also have to grasp and respond to the multidimensional needs of the family-caregivers of patients with progressing senility [17] . It has also been noted that eliciting any concerns early and focusing on the family-caregivers' needs are likely to lead to better outcomes post bereavement [18] . However, a scale for evaluating these needs does not currently exist. Although various concepts and scales exist for family members of terminal patients with any sort of illness [5] , for families of patients with cerebrovascular illness [19] , and for families of patients with dementia [20] , there is no published concept and scale for family members of senile patients. Moreover, scales evaluating caregiver burden [21] , caregiver grief [22] , and caregiver quality of life [23] also exist, but these scales are generalized to caregivers of any sort of older adult individual. Therefore, there is no family caregiver need-assessment scale for end-of-life care of senile patients at home.
The objective of this research was therefore to develop a tool for visiting nursing professionals to use when assessing the needs of a family caregiver providing end-of-life care for a senile patient at home, the "Family caregiver needs-assessment scale for end-of-life care for senility at home" (FADE), and to examine its reliability and validity. Visiting nurses were targeted because objective needs assessment by a medical professional is necessary for end-of-life care at home. The visiting nurse is the medical professional with the most opportunity to contact older adults receiving end-of-life care and their family caregivers.
Materials and methods

Phase 1: Developing the scale
First, the researchers developed a pool of items based on a literature review. From the perspective of the needs of family caregivers of older adults, PubMed and Ichushi-Web (1970 were searched for articles about the process of senility and the needs of familycaregivers using specific keywords: senility, end-of-life, older adults, needs, caregiver, family, non-cancer, and scale. This identified 26 articles, of which three had an emphasis on the theme of family caregiver needs [5] [19] [20] . The item inclusion criteria were based on four viewpoints: 1) care as senility progresses, 2) social resources, 3) family function, 4) acceptance of death and coping at the time of death. Using these four viewpoints as domains, the draft item pool was reviewed and modified several times by the researchers and refined to include 30 items.
Next, the pool of items was reviewed by four visiting nurses and four researchers to assess content validity, face validity, and its practical usefulness in a home care setting via interviews or questionnaires. The visiting nurses included those certified in visiting nursing and an expert administrator of a home-visit nursing care station with more than 20 years' experience. The researchers were professors or the home care nursing foundation's researcher from the department of home care nursing, gerontological nursing, or community health nursing, and were also those who developed the measurements [24] . The wording of each item was revised according to reviewers' recommendations. Consequently, we initially excluded items assessed as "not important" by more than one expert. Thus, the modified scale was refined to 15 items, and one domain ("social resources") was excluded because it was not specific to senility.
Phase 2: Validating the scale
Study participants. The principle survey involved 2,703 visiting nurses who had experienced giving support to family caregivers of older adults who had died of senility at home. Each nurse worked at a home-visit nursing care station in one of three prefectures in Japan (one participant per facility). The self-administered questionnaire was posted to the participants. Data were collected in three prefectures (Osaka, Tokyo, Kanagawa) because these were the top three prefectures for population and the number of home-visit nursing care stations. The institutions were selected from publicly available information lists. The researchers sent informed consent letters and questionnaires to administrators and eligible participants at each institution. Each participant was asked to complete the voluntary self-administered anonymous questionnaire between September and October 2018. Of the participants contacted, 536 (19.8%) responded, with 461 (17.1%) providing questionnaires with valid responses suitable for the analysis.
Measures. Participants' demographic characteristics included gender, age, years of work experience as a nurse, years of work experience as a visiting nurse, and the number of cases of support for family caregivers of older adult individuals who died of senility at home.
The importance of each FADE scale item was rated on a 4-point Likert-type scale: "Not important = 1," "Not important to a certain extent = 2," "Important to a certain extent = 3," and "Important = 4." There was also an "I don't know" option, which was given a rating of 0, to identify the items that professionals felt were not important or did not make sense.
Participants were asked to recall one example of a case of supporting the family caregiver of an older adult who died of senility at home, and assessed the goodness of fit of each item for the case on a 4-point Likert-type scale: "Satisfied = 0," "Satisfied to a certain extent = 1," "Unsatisfied to a certain extent = 2," and "Unsatisfied = 3."
The older adults' demographic characteristics included gender, age at the time of death, and support needed at the time of death of that individual. The caregivers' characteristics were gender, age, relationship, and care period.
To assess the concurrent validity of the scale, the participants were also asked to assess each item in the "Japanese version of the Support Team Assessment Schedule" (STAS-J) [25] . The STAS is a rating scale for hospice and palliative care developed by Higginson et al. in the UK [26] . The Japanese version was developed by Miyashita et al. in 2004 [25] , and revised to its third edition in 2007 [27] . This scale consists of nine items: pain control, control of symptoms other than pain, patient's anxiety, family anxiety, patient's medical condition recognition, family medical condition recognition, communication between patients and their families, communication among professionals, and medical staff communication to patients and families. Each item is composed of five stages from 0 (No problem) to 4 (Most severe); respondents see text explaining each stage and select the closest one. Each item is interpreted individually, and the summing of items to give a total score is not recommended. The weighted κ statistic for the inter-rater reliability of each item ranges from 0.53 to 0.77, and the κ statistic for the intrarater reliability of each item ranges from 0.64 to 0.85 [25] .
In this study, the items assessed were: family anxiety (item 4), family medical condition recognition (item 6), communication between patients and their families (item 7), and medical staff communication to patients and families (item 9) [27] . These items were selected because they mean that support is needed for family caregivers to fulfill caregivers' needs.
Ethical considerations. This study was conducted with the approval of the Institutional Review Board of the Medical Department of Yokohama City University School (Approval No. A180700008).
Statistical analysis. All analyses were conducted using IBM SPSS Statistics 25.0 and Amos 24.0.
Item and exploratory factor analyses were conducted to investigate the reliability and convergent validity of the scale. The criteria for item analysis included pass efficiency (average score �2.0 points), rates of response difficulty (unknown and non-respondents �5%), distribution ("Important to a certain extent" and "Important" <85% of the sample), good-poor analysis (no significant differences between the highest-and lowest-scoring groups), item-total analysis (correlation coefficient <0. 3) , and correlations of each item (correlation coefficient >0.7).
The total sample (n = 461) was randomly divided into two split samples for cross-validation: group 1 (n = 231) for performing exploratory factor analysis and group 2 (n = 230) for performing confirmatory factor analysis. The items remaining after item analysis were examined using exploratory factor analysis (main factor analysis) with promax rotation. With reference to eigenvalues and scree plots, it was estimated that there were two or three factors. The exploratory factor analysis was then repeated, presuming two or three factors and excluding items with item loadings �0.41. When the differences among the factor loadings became clear, it was possible to interpret the factors theoretically. Factor reliability was determined according to a Cronbach's alpha �0.70. Confirmatory factor analysis was then conducted to verify the construct validity. The standardized root mean residual (SRMR), Tucker-Lewis index (TLI), Akaike information criterion (AIC), and Bayesian information criterion (BIC) were used to evaluate the data-model fit. Values of SRMR �0.08 and TLI �0.95 were considered to indicate acceptable model fit [28] . Furthermore, criteria-related validity was examined using the STAS-J. Table 1 shows the characteristics of the respondents. A total of 92.8% were female. The median age was 49.0 years, average work experience as a nurse was 23.7 years, average work experience as a visiting nurse was 9.9 years, and the median number of cases of support for family caregivers of older adults who died of senility at home was 10.0. Table 2 shows the characteristics reported by the visiting nurses in their experience of cases of senility at home. The mean age at the time of death was 89.8 years; 69.0% of the older adults were female, and the modal certification for "Requiring long-term care" at the time of death was 5 (certification of requiring long-term care insurance runs from 1-5, with 5 being the highest degree of care). The mean age of caregivers was 64.2 years; 74.8% of caregivers were female, 60.3% were children of the older adult individuals, 17.6% were spouses, and 13.4%
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Respondent characteristics
Characteristics of the cases of end-of-life care for senility at home
were the spouses of children. The mean care period was 3.6 years and the median was 2.5 years.
Item analysis
The results of the item analysis are shown in Table 3 . There were no items corresponding to the exclusion criteria, and factor analysis was therefore examined for all 15 items.
Exploratory factor analysis
The exploratory factor analysis results are shown in Table 4 . The eigenvalues and scree plot suggested a two or three factor model. Exploratory factor analysis with promax rotation was repeated until the factor load of all items exceeded 0.41. As a result, items 3, 9, and 10 were excluded because the factor loading did not exceed 0.41 in any of the analyses. Exclusion of items with a loading less than 0.41 resulted in a two-factor solution, and 12 items on two factors were extracted for a final version of the scale. Factor 1 included six items (items 4, 11, 13, 14, and 15) interpretable as "Needs for adaptation to senility bereavement," or death is natural Missing data were excluded from each analysis.
https://doi.org/10.1371/journal.pone.0222235.t001
End-of-life care for senile adults providence, but caregivers cannot give up hope until they accept it. Factor 2 included six items (items 1, 2, 5, 6, 7, and 8) interpretable as "Needs for essential skills in supporting a dignified death by senility." The factor loadings were greater than 0.41 for each factor. The cumulative contribution of the two factors explained 54.8% of the variance. Moreover, the correlation coefficient between the two factors was 0.67 (Table 4 ).
Internal consistency and validity of the final scale
The Cronbach's alpha coefficients were 0.847 for factor 1, 0.878 for factor 2, and 0.908 for the total scale ( Table 4 ). The results showed that the scale had sufficient internal consistency.
These two factors were entered as latent factors in a confirmatory factor analysis model. In the initial model, SRMR = 0.080, TLI = 0.819, AIC = 312.8, and BIC = 398.7, which did not represent a good data-model fit. The model fit improved after modifying the model according to modification indices, adding error correlations for items 2 and 6, 6 and 7, 11 and 12, 12 and 14, 13 and 14, and 14 and 15 and incorporating the improved factors: SRMR = 0.057, TLI = 0.920, AIC = 191.6, and BIC = 298.2. These values were close to the criteria for an acceptable model, confirming the model's the construct validity (Fig 1) .
The Pearson's correlation analysis showed correlations between the factors and STAS-J (items 4, 6, 7, and 9), with coefficients of 0.328-0.427 between Factor 1 and items 4, 6, 7, and 9; coefficients of 0.294-0.370 between Factor 2 and items 6 and 9; and coefficients of 0.259-0.427 between the total scale and items 4, 6, 7, and 9 (p < 0.001; Table 5 ).
Discussion
The average age of the visiting nurses participating in this survey was 49 years, their average length of practice in nursing was 23.7 years, and their average length of practice in visiting nursing was 9.8 years. This is nearly identical to the profile of participants in the Survey on Home-Visit Nursing [29] , who were an average of 47 years old, with 22.3 years of experience practicing nursing and 9.1 years of experience practicing visiting nursing. Thus, the sample was representative of the population of visiting nurses. The originality of this research is that the development of the FADE scale focused on unrecognized needs for care provided by family caregivers of senescent older adult individuals, as well as its two foundational principles: adaptation to senility bereavement and preservation of the dignity of senescent older adult individuals. With regard to the reliability of the FADE scale, the Cronbach's alpha coefficient for each factor and the scale as a whole indicated sufficient internal consistency. Correlations existed between the factors and the scale and the STAS-J, confirming the criteria-related relevance between the two measures. We assumed the correlations between Factor 2 and the STAS-J were rather small because the STAS-J targets End-of-life care for senile adults families of patients with cancer. The results of a confirmatory factor analysis confirmed the validity of the concept behind the formulation of this scale. Thus, the FADE formulated through this research was judged to be a sufficient, reliable, and valid scale, capable of effectively assessing the sufficiency of needs of a family caregiver providing end-of-life care for a person with senility at home. The first factor on the scale, "Needs for adaptation to senility bereavement," comprised the needs presented by the senility process and the acceptance of death. Adaptation to such processes is always central to support. We assume that adapting to the process of senility may End-of-life care for senile adults enable the caregiver to be calm at the time of death and provide appropriate end-of-life care sufficiently. Although aging and senility are laws of nature and death is unavoidable, caregivers often find it difficult to put aside their expectations and frequently experience significant emotional upheaval [30] . The six items that comprised this first factor, such as "acceptance of death," "acceptance of senility," and "development of a system for the moment of death," highlighted the importance of slowly and gradually accepting and adapting to senility and death, even when experiencing anxiety at the passing of a loved one disturbs one's emotional stability. With the support of visiting nurses to ensure that these needs are met, we expect caregivers may be able to attend to their duties in peace, and after the passing of their loved one, the fulfillment of these needs may even lessen their grief.
The second factor on the scale, "Needs for essential skills in supporting a dignified death by senility," comprised the needs that enabled a caregiver to provide appropriate care. Appropriate care allows the older adult individual to meet his or her end painlessly [31] . For older adult individuals to have a painless end-of-life, proper medical care is necessary, and it is important for caregivers to acquire the required knowledge and skills to provide this care. Having a painless end-of-life shows respect to older individuals and allows a dignified death. The six items that comprised this second factor, such as "management and use of medical tools" and "treatment of symptoms," highlighted the importance of assisting a caregiver in obtaining the knowledge, technology, and skills required to support older adult individuals as they live out their lives free of distress and pain. Fulfillment of these needs may help to ensure the older adult individual is respected and can pass away with dignity. The first FADE factor lists needs for caregiver adaptation while the second factor lists needs for care. These two factors are consistent with the two needs listed in previously published research (needs for the caregivers themselves and needs for carers' support) and are suitable for use in end-of-life home-care practice [5] .
The practical usability of this research in a clinical setting can be summarized by three points. First, by assessing the needs of a family caregiver of a person with senility, it enables the development of an individualized support approach. Visiting nurses can start to use the FADE when a prognosis of death due to senility in 3 to 6 months is given (decrease in feeding intake volume), and then use it once a month and when there is a change in condition. For each FADE item, the caregiver is interviewed by the visiting nurse about the situations of care, difficulty feeling, sense of burden, feelings regarding care and older adults, and relationships with other families and surroundings in daily practice. For example, for item 12 ("Is the degree of fatigue experienced due to the mental/physical condition of the caregiver in conjunction with caregiving within a permissible range?"), the following questions are included: "Are you getting enough sleep?"; "Do you have time to go to the hospital for yourself?"; and "Do you have time for yourself?" For item 15 ("Does the caregiver understand the symptoms indicative of imminent death from senility and have a system to provide care?"), the following questions are included: "Do you remember the doctor's explanation that breathing changes when death is approaching?" and "Do you know whom to contact when breathing stops?" Furthermore, visiting nurses observe the daily practice of care and the condition of the older adults, comprehensively taking into consideration information obtained from other professionals involved in home support, and assess the sufficiency of needs. As a result, visiting nurses can reflect on the support for the needs in the care plan. Second, suggestions for projects and policies in the region in relation to what needs to be solved are obtained by constructing a system according to the needs clarified by individual support. Moreover, use of the FADE scale in conjunction with other facilities in the region can enable understanding of the strengths and weaknesses of the region from the view-point of satisfying the needs related to the death of senile patients in the region, and utilize it for system development. Third, this scale can be applied to both off-the-job and on-the-job training, and for personnel education on at-home-care for visiting nurses. Because visiting nurses mainly perform homecare alone and there is no standardized needs scale, it is left to the individual abilities of the visiting nurse to provide end-of-life care at home. By using the FADE, it is possible to unify the assessment contents from beginner to veteran. Visiting nurses can grasp the needs requiring assessment. In addition, through on-thejob and off-the-job training inside and outside the workplace on each need requiring clarification and on what kind of visiting nurse support is effective, it is possible to develop and share concrete support methods and give guidance to newly appointed visiting nurses. In turn, the education of visiting nurses is expected to improve the quality of at-home-nursing and thereby contribute to a qualitative improvement in homecare nursing.
The limitations of this research include the following. First, the response rate was low. Furthermore, the demographic characteristics of non-responders are unknown, so it is possible that the sample was biased. However, our response rate was relatively similar to that of a previously published study involving the same population [32] . In addition, 33% of facilities have reported no deaths at home over 1 year, which may explain the low response rate [33] . Moreover, because this study focused only on death from senility, the number of facilities may have been further limited. Second, the FADE was only sent to nurses and was evaluated through their retrospective recollection of a specific support case. This approach might have biased the results, imposed a burden on the respondent, and resulted in limited accuracy. Because the scale was not administered to any caregivers themselves in the present study, future research should administer the FADE directly to caregivers to obtain additional information. Third, this research was a cross-sectional study, and the predictive accuracy of the FADE scale is unknown. Consequently, future longitudinal research using the FADE should verify the prediction validity, for example, by clarifying the associations between assessment by the FADE scale and outcomes such as family satisfaction and dignified death from senility. 
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